Introduction
The survival advantage of black patients undergoing maintenance dialysis, the so-called survival paradox stemming from its opposite observation in the US general population, has been observed in most (1) (2) (3) (4) (5) (6) but not all studies (7) . Although black patients initiate maintenance dialysis at a younger age (4), they are less likely to receive kidney transplants, the treatment of choice in ESRD (8) . In addition, when on dialysis, they are less likely to receive arteriovenous fistula placement (9) and adequate dialysis dose (10) . Despite worse outcomes in these key clinical performance measures, black patients on dialysis had better survival than their white counterparts. Recent studies have suggested that the commonly cited survival advantage of black dialysis patients only applies to those patients older than 50 years (11) . The reasons for these findings are unclear but may be related to several factors, including Hispanic whites being included in the white race reference group (12, 13) . Because Hispanic dialysis patients have lower mortality rates than non-Hispanic whites (14, 15) , it is unclear whether the apparent higher mortality rate for younger blacks relative to whites is a true phenomenon or caused by the inclusion of Hispanic patients in the reference cohort. Clarifying the nuances of the survival paradox in dialysis patients is crucial to advancing a more global understanding of key survival mediators in chronic medical conditions. We, therefore, assessed the age-stratified survival rates of black patients compared with their white counterparts after excluding Hispanic patients from the reference group. Moreover, we sought to assess whether the survival advantage of Hispanic patients over non-Hispanic patients holds consistently across age groups.
Materials and Methods

Data Source and Study Population
This project was approved by the Institutional Review Board for Health Sciences Research at the University of Virginia. We used the United States Renal Data System (USRDS) (15) . We identified patients ages 18 years or older, either Caucasian/white or African American/black, with no prior kidney transplantation who initiated the first maintenance dialysis between January 1, 1995 and September 28, 2009 . A total of 1,282,201 patients were included, of which 884,458 (69%) were white and 397,743 (31%) were black. We obtained the patients' subsequent status of transplantation and death as well as demographic and clinical characteristics from the USRDS.
Study Variables
The survival difference among the racial/ethnic groups is of the primary interest. Survival time was calculated from the date of dialysis initiation to the earliest date of death, kidney transplant, or administrative end of study (September 28, 2009) , with censoring at transplant or end of study.
Patient race/ethnicity (non-Hispanic black, non-Hispanic white, and Hispanic [black and white]) was obtained from the Centers for Medicare and Medicaid Services Medical Evidence form (CMS-2728) (15) . The 2005 form included changes in racial/ethnic classifications from the 1997 version. For ethnicity, the 1997 version allowed three options: non-Hispanic, Hispanic-Mexican, or Hispanic-other. We combined these two latter subdivisions into a single Hispanic category, which was consistent with the two options of non-Hispanic or Hispanic in the 2005 version. For race, both forms included white, black/African American, American Indian/Alaska Native, Asian, and Native Hawaiian or Other Pacific Islander. The 1997 version also allowed three additional designations of Indian Subcontinent, Mid-East/Arabian, and Other. We limited our assessment of racial designation to white and black/African American in the present report.
In the adjusted analyses of examining survival difference, the following covariates were included: age at ESRD onset, sex, insurance coverage at ESRD onset (private, Medicare, or Medicaid/none), body mass index, lifestyle behavior (smoking, alcohol, and drug dependence), immobility, cause of ESRD, dialysis type (hemodialysis or peritoneal dialysis), and comorbid conditions (hypertension, diabetes, cardiac failure, atherosclerotic heart diseases, cerebrovascular disease, peripheral vascular disease, chronic obstructive pulmonary disease, or cancer) as well as pre-ESRD use of erythropoietin-stimulating agents.
Statistical Analyses
We compared dialysis survival among racial/ethnic subgroups using the Cox regression. We first examined such survival differences for the entire study cohort and then each of seven age groups (18-30, 31-40, 41-50, 51-60, 61-70, 71-80, and .80 years). The unadjusted racial/ethnic differences in survival were examined in Cox regression only with the race/ethnicity indicator variables. The adjusted survival differences included additional demographic and clinical covariates as described above and only patients who had complete data (95%). For each of these assessments, we performed two comparative analyses: one analysis using two race groups (black and white) with white race as the reference group, similar to the analysis performed in the work by Kucirka et al. (11) , and one analysis using three distinct racial/ethnic groups (non-Hispanic white, non-Hispanic black, and Hispanic) with the non-Hispanic white as the reference group.
We calculated mortality rate, expressed as the number of deaths per 100 patient-years, for each racial/ethnic subgroup to account for different patient-years of follow-up rather than the proportion of deaths because of the concern that the transplant (censoring) rates varied greatly among subgroups.
Results
Patient Characteristics
Patient characteristics are shown in Table 1 . Of 1,282,201 patients, 17.0% of whites versus only 1.9% of blacks were Hispanic. Hispanic patients accounted for 20.0% of patients with ages 18-30 years, 14.6% of patients with ages 31-50 years, and 11.7% of patients with ages .50 years. These Hispanic patients collectively formed the third race/ ethnic group in the present study. In all age groups, Hispanic patients had the highest likelihood of being uninsured compared with the other two racial/ethnic groups. Compared across these three broader age groups, we noticed that some of the characteristics in the younger age groups exhibited a pattern that was opposite to the pattern in the older age groups. For example, in the age group of 18-30 years, 31.8% of Hispanic patients had GN as the cause of ESRD, representing the most prevalent form of kidney disease, compared with 23.0% of non-Hispanic blacks and 30.2% of non-Hispanic whites. At ages .50 years, GN was reported in only 3.9% of Hispanic patients, representing the group with the smallest percentage, with 4.2% of non-Hispanic blacks and 7.4% of non-Hispanic whites reported as having GN as the etiology of ESRD. By contrast, in the youngest group, only 14.7% of Hispanics had diabetes as a cause of ESRD compared with 17.3% of non-Hispanic blacks and 22.9% of non-Hispanic whites. In the age group .50 years, 67.6% of Hispanics had diabetes as the cause of ESRD compared with 50.2% of nonHispanic blacks and 41.5% of non-Hispanic whites.
Survival Difference between Black and White Patients-the Effect of Including or Excluding Hispanics
The median follow-up time was 22.3 months (range=1 day to 14.7 years), with an average mortality rate of 23.9 deaths per 100 patient-years. Table 2 presents the crude mortality rates, and Table 3 presents both unadjusted and adjusted hazard ratios (HRs) of death in blacks versus whites overall and for seven age groups. In Tables 2 and 3 , the results of using the three racial/ethnic groups are presented on the right, whereas the results of using the two race groups are on the left.
Overall, non-Hispanic white patients had a substantially higher mortality rate than non-Hispanic black or Hispanic patients (30.4 versus 17.9 or 17.5 deaths per 100 patientyears) ( Table 2 ). In the overall population as well as all seven age groups, mortality rates of non-Hispanic whites were consistently higher than all whites, including Hispanics, whereas the mortality rates of non-Hispanic blacks were similar to the rates of all blacks. As an example, in the age group of 18-30 years, the mortality rate (deaths per 100 patient-years) was 6.9 in non-Hispanic whites and reduced to 5.4 in all whites including Hispanics, whereas the mortality rate was similar for non-Hispanic blacks and all blacks (7.1 versus 7.0).
Consequently, the HRs of blacks, relative to non-Hispanic whites, were all reduced from the HRs when Hispanic white patients were included in the white population (Table 3) . a Number of deaths/patient-years at risk3100.
Using non-Hispanic whites as the reference group, the mortality risk for non-Hispanic blacks was consistently lower in all age groups above 30 years. In the age group of 18-30 years that currently accounts for 3.3% of all dialysis patients, there remained an increased mortality risk in non-Hispanic blacks versus non-Hispanic whites after adjustment for case mix; unadjusted HR (95% confidence interval) was 1.04 (0.99-1.09), P=0.08, and adjusted HR was 1.19 (1.13-1.25), P,0.001 (Table 3) . These HRs were, however, markedly attenuated from the HRs of 1.33 and 1.43, respectively, where blacks were compared with all whites, including Hispanics, in this youngest group. Excluding Hispanic whites in the reference group had a larger impact on the survival comparison between blacks and whites in the younger age groups than the older age groups. As seen in Figure 1A , there was a substantial reduction in the HRs of blacks versus whites in the younger age groups after excluding Hispanic whites from the reference group. Two factors accounted for this difference. One factor is that the younger groups consisted of larger proportions of Hispanic whites than the older groups (Figure 1B) . From younger to older age groups, the percentage of Hispanics in white patients decreased sequentially from 33.9% to 26.2% to 24.8% to 23.2% to 18.3% to 11.6% to 8.1%, whereas in black patients, the percentage of Hispanics was much lower, ranging from 1.6% to 2.2%. The second factor was that the mortality rates of the Hispanic patients relative to the non-Hispanic whites were much lower in the younger age groups than in the older age groups ( Figure 1C ). In the age group of 18-30 years, the mortality rate (per 100 patient-years) of Hispanic patients was 3.3, which was 52% lower than the mortality rate of the non-Hispanic whites of 6.9. In contrast, the mortality rate of Hispanic patients in the age group of .80 years was 49.7, only 10% lower than the mortality rate of nonHispanic whites of 56.7. All P values,0.001 unless otherwise specified. HR, hazard ratio; CI, confidence interval. a Adjusted for age, sex, insurance type (private, Medicare, or Medicaid/none), body mass index, lifestyle behavior, immobility, cause of ESRD, dialysis type, pre-ESRD use of erythropoietin-stimulating agents, and comorbid conditions. b P=0.08.
Survival Advantage of Hispanic Patients over Non-Hispanic White Patients
As shown in Figure 1C and Tables 2 and 3 , the mortality rates among Hispanic patients were consistently lower than the mortality rates of non-Hispanic whites in all age groups. This survival advantage was more substantial in the younger than older age groups. The unadjusted HR (95% confidence interval) of Hispanics versus nonHispanic whites was 0.48 (0.45-0.52) in the age group of 18-30 years compared with 0.88 (0.86-0.90) in the age 
Survival Difference between Hispanic Patients and Non-Hispanic Black Patients
Overall, Hispanic patients and non-Hispanic black patients had similar mortality rates (17.5 versus 17.9 per 100 patient-years) ( Table 2 ). However, in younger age groups, Hispanic patients had much lower mortality risks than their non-Hispanic black counterparts. In the age group of 18-30 years, the mortality rates (per 100 patient-years) were 3.3 and 7.1 in the Hispanic and non-Hispanic black groups, respectively. In contrast, the mortality rates were 20.8 and 21.2 in the age group of 61-70 years for Hispanic and non-Hispanic black groups, respectively ( Figure 1C and Table 2 ).
Discussion
In the general US population, blacks have an estimated lifespan that is 4-5 years less than the estimated lifespan of their white counterparts (16) , probably because of poorer access to health care, cultural differences in health beliefs and behaviors, disadvantaged socioeconomic status, and/ or genetic influences on the development and progression of key medical conditions (17) (18) (19) (20) (21) . Given this background, the apparent paradoxically longer survival for blacks on maintenance dialysis compared with whites is even more astounding (1-6). However, this finding has not been consistent. Robinson et al. (7) performed a cohort analysis of 6677 patients between 1996 and 2001 in the American arm of the Dialysis Outcomes and Practice Patterns Study and found no racial/ethnic differences in adjusted mortality rates (7) . Their findings may be explained by a shorter median follow-up time of 15.3 months compared with 22.3 months in our study and a sample size that was only 0.5% of our cohort. Kucirka et al. (11) reported a survival advantage in blacks compared with whites but found that it was limited to older patients, whereas blacks under 50 years of age had two times the risk of death compared with their white counterparts. The findings of Kucirka et al. (11) of such a strong influence of age on the blackwhite mortality differences may be related to heterogeneity in the white cohort in their analysis produced by combining Hispanics and non-Hispanics (12, 13) .
In our analyses of the national USRDS database, the apparent shorter survival in younger black patients relative to their white counterparts was not observed without the inclusion of younger Hispanics, who had lower mortality rates, in the white population, except for the youngest age group of 18-30 years. For this small youngest-age subpopulation, when Hispanics were excluded from the white race reference group, a higher adjusted mortality risk for blacks versus non-Hispanic whites was noted, although markedly attenuated compared with the study by Kucirka et al. (11) . In fact, the mortality rates in blacks were lower than the rates in the non-Hispanic whites for all age groups above 30 years, and only in the age group of 18-30 years did the adjusted mortality rate for blacks exceed the adjusted mortality rate for non-Hispanic whites. Therefore, in our analyses, the commonly cited survival advantage of black patients over non-Hispanic whites holds in most age groups.
The underlying reasons for the reduced mortality, especially in older black dialysis patients, remain poorly defined but may include improved access to health care as a result of Medicare eligibility, survival bias (22, 23) , access to transplantation (8) , cultural differences in adaptation to chronic illness (24) , more favorable nutritional and anthropometric profile (25, 26) , differential response to inflammation (27) , more common treatment with active vitamin D (28, 29) , differential thresholds for dialysis adequacy (10) , and a differing cardiovascular risk profile including higher BPs, which may paradoxically have a beneficial association with survival in ESRD patients (5) . There may also be other unmeasured factors, such as environmental exposures, markers of oxidative stress, apoptosis, and/or selected genetic polymorphisms, that could influence disease progression and/or risk of death across subgroups (30) . Finally, many studies suggest that blacks receive less pre-ESRD care (9, 15) , which could lead to a survivorship bias in ESRD.
By contrast, the higher adjusted mortality rates for blacks compared with non-Hispanic whites in the age group of 18-30 years may be related to a higher background of noncardiovascular events with greater mortality rates from homicide and motor vehicle accident, lower likelihood of being insured, limited social support networks, and lack of trust in medical systems that may reduce their access to medical care, which collectively eliminate the survival advantage of older black dialysis patients (12) .
Early studies have shown that Hispanic patients had better survival than non-Hispanic patients (14) . This issue has gained prominence in recent years with the rapid growth of the Hispanic dialysis population in the United States. Currently, Hispanics account for nearly 20% of all dialysis patients and up to 35% in younger age groups. The present analysis is the first national study that examined the effect modification by age on the survival differences in dialysis patients based on the inclusion or exclusion of Hispanics in the black and white subgroups. Using data over 15 years and adjusting for multiple domains of patient covariates, we confirmed that there was, indeed, a substantial survival advantage of Hispanic patients over non-Hispanic whites in the overall dialysis population. Moreover, this survival advantage could be seen consistently in all age groups ( Figure 1C and Table 3 ).
Although Hispanic patients have no particular advantage in access to clinical care (3, 15, 31, 32) and have the lowest rates of health insurance in the United States (Table  1 ) (33), they exhibited the best dialysis survival. Inasmuch as Hispanics have their unique culture, health risk factors, and health outcomes, it would be particularly important to distinguish Hispanic whites from non-Hispanics whites in contemporary racial/ethnic disparity research. Considering Hispanic patients as a separate race/ethnicity group whenever possible should greatly enhance the understanding of key mediators underlying racial/ethnic disparities in health care delivery and health outcomes.
Because our objective was to examine the association of race and ethnicity with survival on dialysis, we used the Cox regression with the cause-specific hazard method, in which the transplants were treated as censored observations. Here, the estimated cause-specific hazards for death might have been biased by censoring generally healthier transplant patients. However, the bias is not expected to be large, because the patient covariates were included and controlled. The subdistribution hazard method of Fine and Gray (34) is also available for competing-risk data, but it does not address the question of our interest. In the subdistribution hazard method in which dialysis patients receiving transplants are treated as immortal when calculating the hazard on death, the higher transplant rate for whites confers a lower probability of observing death before transplant in the white population, hence producing apparent larger HRs for blacks versus whites for mortality. However, these larger HRs heavily reflect differences in transplant rates between white and black races, not the implication of race for mortality while patients remain on dialysis.
The present findings should be viewed with some limitations. First, the study population excluded patients who died before the initiation of dialysis. Thus, it is unclear if the differences in survival patterns found among the three racial/ethnic groups also apply to nondialysisdependent CKD patients and how a pre-ESRD survival bias may influence our findings. Second, misreporting of covariate data, including race and ethnicity, and comorbid conditions may be present in the administrative database. Patient variables, such as detailed clinical assessment (e.g., inflammatory markers and nutritional profile), education attainment and income, and ESRD quality performance measures such as anemia, vascular access, hospitalization rates, and other factors that could affect mortality risks, were not controlled, because these data are not available in large administrative databases. Finally, the option of selecting Indian Subcontinent, Mid-East/Arabian, or Other on the 1997 Medical Evidence form may not have been evenly distributed across the more limited options after 2005. However, it is unlikely that any redistribution of this small cohort would significantly affect our results.
In summary, we have shown that, among racial/ethnic subgroups of maintenance dialysis patients, the mortality risk was lowest in Hispanics, intermediate in non-Hispanic blacks, and highest in non-Hispanic whites. This pattern holds in the overall dialysis population and all age groups, except for the youngest group (18-30 years) , where there is a higher adjusted mortality risk for non-Hispanic blacks compared with non-Hispanic whites. Continued effort to discern the factors responsible for the general survival advantage of black and Hispanic patients may yield major clinical and public health implications for the US ESRD and potentially, CKD populations.
